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© Matte finishes on optical fibers and other glass articles. 



© A mixture of buffered hydrofluoric acid (e.g., HF 
and NhUF) and a treating agent (e.g., acetic acid, 
phosphoric acid, hydrochloric acid, sulfuric acid or 
formic acid) is used to produce a matte finish (24) 
on the pure silica cladding of an optical fiber (16), on 



a borosilicate glass tube and on a sodium lime glass 
plate. The matte finish may be used to increase the 
adhesion of other materials to the glass (e.g., of 
metal coatings (26) to silica fibers) or to reduce 
glare. 
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Background of the Invention 



This invention relates to techniques for forming 
a matte finish on a glass article such as an optical 
fiber or a glass plate. 5 

In the manufacture of glass articles, such as 
plate glass, it is often desirable to reduce glare by 
forming a textured surface, known as a matte fin- 
ish, on the article to scatter light and reduce specu- 
lar reflections. The following patents are repre- w 
sentative: 

H. Niederprun et al., U.S. Patent No. 4,055,458, 
discloses the mat (matte) etching of glass (e.g., 
plate glass) by means , of liquids containing 
hydrofluoric acid and a soluble fluorine-containing 75 
wetting agent, e.g., perfluoroalkane sulfonic acid 
quaternary ammonium salt, a perfluoroalkane car- 
boxylic acid salt, an alkoxylation product of a per- 
fluoroalkane sulfonamide, or the like. 

J. W. Falls, U.S. Patent No. 3,616,098, de- 20 
scribes glare-reducing glass produced by including 
an undissolved inorganic salt (e.g., potassium 
bifluoride, sodium bifluoride or calcium phosphate) 
in a hydrofluoric acid bath saturated with ammo- 
nium bifluoride or other salt. 25 

On the other hand, in optical fiber technology, 
in particular the silica fiber segment of that art 
related to hermetic packaging of optoelectronic de- 
vices, it is well-known to form a metal coating on 
the exterior silica surface (cladding) of the fiber in 30 
order to solder the fiber to the package. The prev- 
alent prior art technique for depositing the metal 
coating is sputtering. This approach, however, is 
not without its limitations: (1) The need for a sput- 
tering machine is cumbersome and expensive; (2) 35 
Most sputtering machines are designed to deposit 
metal onto planar (e.g., semiconductor wafer) sur- 
faces. The cylindrical surface of a fiber and prag- 
matic considerations have led prior art workers to 
utilize two separate sputtering steps - the first to 40 
deposit metal onto essentially half the cylindrical 
surface and the second to deposit onto the other 
half. However, where the "halves" meet, undesira- 
ble seams are formed which decrease reliability; 
and (3) The sputtering process requires a vacuum 45 
environment to reduce background contamination. 
This requirement inherently precludes having at- 
tached to the fiber anything which would introduce 
contamination into the vacuum chamber. Thus, one 
would remove the plastic jacket which coats the 50 
fiber and, furthermore, would avoid attaching a 
silicon block mount or pigtail connector, for exam- 
ple. 

Therefore, a metal - deposition process which 
can uniformly coat curved surfaces and which is 55 
not so contamination sensitive, such as electroplat- 
ing, might be more desirable were it not for the fact 
that the electroplating of metal onto glass fibers 
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surfers from poor adhesion. 
Summary of the Invention 



In accordance with one aspect of the invention, 
a matte finish is produced on at least a portion of a 
glass article by subjecting that portion to a mixture 
comprising a fluorine-based etchant and a treating 
agent comprising an acid which by itself, does not 
significantly etch the article. Illustratively the treat- 
ing agent is selected from the group consisting of 
acetic acid, phosphoric acid, hydrochloric acid, sul- 
furic acid, and formic acid. Depending on the par- 
ticular treating agent chosen, matte finishes can be 
formed on a variety of glass materials (e.g., 
borosilicate glass, pure silica and sodium lime 
glass) and on a variety of articles (e.g., glass tubes, 
silica optical fibers and glass plates). 

Applications of the invention range from the 
packaging of optoelectronic components to the re- 
duction of glare on glass plates and the like. In the 
former case, an illustrative embodiment of the in- 
vention involves forming a matte finish on the por- 
tion of a fiber to be soldered or otherwise hermeti- 
cally sealed through the wall of the package. Be- 
fore actually sealing the fiber to the package a 
metal coating is deposited, preferably electroplat- 
ed, onto the matte finish portion. The matte finish 
enhances the adhesion of the coating and thus 
eliminates the need to rely on expensive, cum- 
bersome and less uniform prior art sputtering tech- 
niques. 

Another embodiment of the invention, there- 
fore, is a silica optical fiber having a matte finish on 
at least a portion of an exterior silica surface of the 
fiber. Yet another embodiment is such a fiber with 
a metal coating on the matte finish portion, and still 
a third embodiment is an optoelectronic package 
incorporating such fibers. 

Brief Description of the Drawing 



The invention, together with its various features 
and advantages, can be readily understood from 
the following more detailed description taken in 
conjunction with the accompanying drawing, in 
which: 

FIG. 1 is a schematic cross-sectional view of an 
optoelectronic package with an optical fiber her- 
metically sealed in a sidewall of the package; 
and 

FIG. 2 is a schematic cross-sectional view of a 
metalized optical fiber in accordance with one 
embodiment of the invention. 

Detailed Description 

Turning now to FIG. 1, there is shown a her- 
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metic package 10 for an optoelectronic component 
12 (e.g., a semiconductor laser or photodiode) 
mounted on a block or carrier 1 4. In order to allow 
light to communicate between the interior and ex- 
terior of the package an optical fiber 16 is inserted 
through a hole in the sidewall 18. The fiber 16 is 
aligned with the component 12 by well-known 
means not shown, and the end of the fiber adjacent 
component 12 has a lens thereon to enhance cou- 
pling efficiency. Illustratively, the lens is formed by 
an etching process. A hermetic seal 20 is formed 
between the wall and the fiber, illustratively by 
soldering. In order to ensure that a good quality 
seal is formed the portion 22 of the fiber which 
extends through the wall is metalized. 

In accordance with one aspect of the invention, 
as depicted in FIG. 2, the metalization of the fiber 
is preceded by an etching process which produces 
a textured or matte finish 24 to enhance adhesion 
of the metal coating 26. As a consequence, rela- 
tively uniform metal coatings may be deposited by 
straight-forward, well-known electroplating (e.g., of 
layers of Ni and Au), rather than by sputtering. 

In general, the textured or matte finish is 
formed by subjecting the desired portion of the 
fiber to a mixture comprising a fluorine-based etch- 
ant and a treating agent comprising an acid which 
by itself does not significantly etch glass. In a 
preferred embodiment for use with silica fibers, the 
etchant comprises buffered hydrofluoric acid and 
the treating agent comprises acetic acid, hydro- 
chloric acid or sulfuric acid. 

Example I 

Single mode and multimode optical fibers hav- 
ing pure silica claddings and 125 outside diam- 
eters were subjected to a mixture comprising by 
volume 25% of 3:1 BOE and 75% of the commer- 
cially available, electronic grade treating agent de- 
scribed below. The BOE (buffered oxide etch) solu- 
tion contained 3 parts of 40% NH+F to 1 part 49% 
HF by volume and this is known as 3:1 BOE. In 
each case below the mixture was at a temperature 
of about 20 *C and the fiber was exposed to the 
mixture for about 50 minutes. 

When 99% acetic acid as used as the treating 
agent, the mixture produced a fine grain (< 1 ^m) 
matte finish on the exterior surface (silica clad- 
ding) of the fibers. This mixture was very attractive 
because it etched the fiber uniformly, not selec- 
tively (i.e., the etch rate was not dependent on the 
doping concentration or dopant species across the 
fiber end face). Moreover, we have found that 
matte finishes are produced when the proportion of 
acetic acid to 3:1 BOE exceeds about 55%. 

When 37% hydrochloric acid or 97% sulfuric 
acid was used as the treating agent, both mixtures 



produced a fine grain (« 5 ^m) orange peel finish 
on the exterior surface (silica cladding) of the fiber. 
Note, the mixture of BOE and sulfuric acid was 
exothermic, and the fiber was not brought into 
5 contact with the mixture until the latter had cooled 
to about 20 *C. In addition, the hydrochloric acid 
treating agent generated a precipitate (probably 
NhUF salt). 

When, however, 70% nitric acid, 88% formic 
w acid or 86% phosphoric acid was used in the 
treating agent, the fiber remained smooth - no 
matte or otherwise textured finish was observed. 

As noted earlier, the invention is applicable to 
glass articles other than optical fibers. Examples II 
75 and III, below, relate to glass tubes and glass 
plates, respectively. 

Example II 

20 Borosilicate glass (e.g., Pyrex) tubes were sub- 

jected to a mixture comprising by volume 25% of 
3:1 BOE, as defined in Example I, and 75% of a 
commercially available, electronic grade treating 
agent. Exposure was at about 20 *C for about 50 
25 minutes. 

When 99% acetic acid was used as the treat- 
ing agent, a fine grain (< 1 p m) matte finish was 
produced on the exposed surfaces of the tube. 

When 86% phosphoric acid was used as the 
30 treating agent, a diffuse, crystal-shaped matte fin- 
ish with feature sizes of « 5 was produced on 
the exposed surfaces of the tubes. 

When 88% formic acid was used as the treat- 
ing agent, the portion of the tubes below the sur- 
as face of the liquid mixture did not exhibit any ob- 
servable matte or otherwise textured finish. How- 
ever, a matte finish was produced on the portion of 
the tube above the surface of the mixture; this 
result indicates that the vapor phase of the mixture 
40 produced the matte finish. 

When, however, 97% sulfuric acid, 70% nitric 
acid or 37% hydrochloric acid was used as the 
treating agent, the tubes remained smooth - no 
matte or otherwise textured finish was observed. 

45 

Example III 

A sodium lime glass plate was subjected to a 
mixture comprising by volume 25% of 3:1 BOE, as 

so defined in Example I, and 75% of commercially 
available, electronic grade 99% acetic acid. Expo- 
sure was at about 20 °C for about 50 minutes. A 
fine grain (< 1 ^m) matte finish was produced on 
the surfaces of the plate. 

55 In summary, it appears that acetic acid is pre- 

ferred as a treating agent inasmuch as mixtures 
containing it produced a fine grain matte finish on 
all three types of glass articles and etching was 
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essentially uniform (i.e., nonselective with respect 
to different species, e.g., dopants) in different re- 
gions of the article. 

It is to be understood that the above-described 
arrangements are merely illustrative of the many 5 
possible specific embodiments which can be de- 
vised to represent application of the principles of 
the invention. Numerous and varied other arrange- 
ments can be devised in accordance with these 
principles by those skilled in the art without depart- 10 
ing from the spirit and scope of the invention. In 
particular, other proportions of BOE to treating 
agent (e.g., a few percent BOE to as much as 
about 50% BOE) and other proportions of HF and 
NH 4 F to water (e.g., 3:1 to 7:1) are expected to be 75 
suitable. In general, however, as with acetic acid, it 
is expected that a relatively high proportion of the 
treating agent is required to produce the desired 
textured or matte finish. Likewise, a relatively broad 
range of etching times and temperatures can be 20 
used effectively. 

Claims 
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7. The method of claim 3 further including depos- 
iting a metal layer on said portion having a 
textured or matte finish. 

8. The method of claim 7 wherein said metal 
layer is deposited by electroplating. 

9. A silica optical fiber having a textured or matte 
finish on at least a portion of an exterior sur- 
face thereof. 

10. The fiber of claim 9 including a metal layer 
disposed on said portion. 

11. An optoelectronic package comprising 
an optoelectronic device, 

a fiber according to claim 10 aligned in optical 
communication with said device, said fiber ex- 
tending through an aperture in said package, 
said metal layer being hermetically sealed in 
said aperture to said package. 



1. A method of forming a textured or matte finish 25 
on at least a portion of a glass article by 
subjecting said portion to a mixture character- 
ized by a fluorine-based etchant and a treating 
agent, said agent comprising an acid which, by 
itself, does not significantly etch said article. 30 



2. The method of claim 1 wherein said etchant 
comprises buffered hydrofluoric acid and said 
treating agent is an acid selected from the 
group consisting of acetic acid, phosphoric 35 
acid, hydrochloric acid, sulfuric acid and formic 
acid. 



3. The method of claim 2 wherein said article is 

an optical fiber having a silica cladding on 40 
which said finish is formed and wherein said 
treating agent is selected from the group con- 
sisting of acetic acid, hydrochloric acid and 
sulfuric acid. 

45 

4. The method of claim 2 wherein said article 
comprises borosilicate glass and said treating 
agent is selected from the group consisting of 
acetic acid, phosphoric acid and formic acid. 

50 

5. The method of claim 2 wherein said article 
comprises sodium lime glass and said treating 
agent comprises acetic acid. 

6. The method of any one of claims 1 to 5 55 
wherein said mixture comprises by volume 
about 25% of 3:1 BOE and 75% of said treat- 
ing agent. 
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(57) Abstract 

A glass etching composition, characterized as comprising 1 to 10 w/v % (preferably, 2 to 5 w/v %) of a fluorinated compound, 20 to 
80 v/v % (preferably, 20 to 50 v/v %) of water and 20 to 80 v/v % (preferably, 50 to 80 v/v %) of a water-miscible organic solvent. The 
glass etching composition is not hazardous to a human body and is free from the problem of environmental pollution and can be used for 
easy frosting on a glass surface. 
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@ Glass etching composition and method. 



@ The present invention provides an improved 
glass etching composition which does not con- 
tain any materials such as hydrofluoric acid, 
causing environmental pollution. The etching 
com position comprises a first solution of a flow 
modifier and ammonium bifluoride in purified 
glycerine ; and a second solution of ammonium 
bifluoride and ferric chloride in purified 
glycerine. 
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FIELD OF THE INVENTION 

The present invention relates to a glass etching 
composition and a method for etching a glass surface 
therewith. 

DESCRIPTION OF THE PRIOR ART 

Several methods for etching glass articles are 
known in the art Among these, a conventional meth- 
od is to treat a glass surface with an etching solution 
comprising hydrofluoric acid as an active ingredient 

However, hydrofluoric acid is now recognized as 
a major causative substance which may give rise to 
the problem of environmental pollution, and has thus 
been refrained from use in many countries. Moreover, 
since hydrofluoric acid is very toxic and fatal to the 
human body, there have existed serious problems in 
terms of safety and health of workers in the field han- 
dling the same. For example, when the skin is ex- 
posed to hydrofluoric acid, it usually induces a sharp 
pain and may injure or destroy the skin tissue. In ad- 
dition, hydrofluoric acid vapor may cause aphasia to 
a worker when it invades his throat upon inhalation. 
A pulmonary edema may result if the vapor invades 
the lungs. In the worst case, the liver may be injured 
by the vapor, and the injury may subsequently result 
in death. In order to minimize the accidents that may 
arise from the use of hydrofluoric acid in glass etch- 
ing, extensive efforts have heretofore been exerted. 
As a result, a variety of auxiliary facilities has been 
developed for preventing the environmental pollution 
and physical injury to workers. However, these ef- 
forts do not solve the problems mentioned above. 

Furthermore, the etching method involving the 
use of hydrofluoric acid suffers from the drawback 
that it is difficult to engrave or etch a complex pattern 
or character on glass with it. In an attempt to over- 
come this drawback, it has been guggested to con- 
duct the etching process using the so-called "-silk 
screen printing technique." However, since the print- 
ing inks currently used cannot endure strong acidic 
etchants such as hydrofluoric acid, the printing tech- 
nique is rare practiced in the field of processing of the 
glass articles. 

An attempt has been made to reduce or avoid the 
use of hydrofluoric acid which has been a fundamen- 
tal cause for the problems mentioned above. A repre- 
sentative approach involves the use of ammonium bi- 
fluoride in place of hydrofluoric acid. For example, 
U.S. Patents 2,622,016 and 3,616,098 teach an etch- 
ing method employing ammonium bifluoride in com- 
bination with hydrofluoric acid. U.S. Patent 4, 92 1,626 
discloses a glass etching composition comprising am- 
monium bifluoride, xanthum gum, water, and propy- 
lene glycol. 

We, the inventors, have intensively conducted a 
wide range of studies in order to develop an improved 



glass etching composition which does not contain hy- 
drofluoric acid and contains ammonium bifluoride in 
a reduced amount As a result, the inventors have dis- 
covered that a glass etching composition containing 
5 ammonium bifluoride as an etchant for glass and puri- 
fied glycerine as a solvent exhibits improved work- 
abilities and good compatibilities to silk screen print- 
ing. 

10 SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide 
an improved glass etching composition which solves 
the problems of environmental pollution and the phys- 
15 ical injury to workers. 

It is another object of the invention to provide an 
improved glass etching composition which can en- 
grave an exquisite pattern or character on glass by 
the silk screen printing technique, which is a far ad- 
20 vanced engraving method compared with the con- 
ventional method using masking tapes. 

These and other objects of the invention can be 
accomplished by an improved glass etching compo- 
sition according to the invention comprising a first sol- 
25 ution of a flow modifier and ammonium bifluoride in 
purified glycerine; and a second solution of ammoni- 
um bifluoride and ferric chloride in purified glycerine. 

A further objects of the invention will become ap- 
parent through reading the remainder of the specif t- 
30 cation. 

DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, a glass etch- 
35 ing composition is provided, which comprises the fol- 
lowing two solutions: 

(a) a first solution of 25 to 35 parts by weight of 
a flow modifier and 25 to 35 parts by weight of 
ammonium bifluoride in 100 parts by weight of 

40 purified glycerine; and 

(b) a second solution of 25 to 35 parts by weight 
of ammonium bifluoride and 10 to 15 parts by 
weight of ferric chloride in 100 parts by weight of 
purified glycerine. 

45 The proportional ratio by weight of the first and 

the second solutions Is within the range from 1:1 to 
2:1. 

Specifically, the first solution is prepared by heat- 
ing a solution of a flow modifier in purified glycerine 

so in a water bath, adding ammonium bifluoride thereto, 
and then agitating and cooling the resulting mixture to 
room temperature. The second solution is prepared 
by heating purified glycerine in a water bath, adding 
ammonium bifluoride and ferric chloride thereto in the 

55 order, and then agitating and cooling the resulting 
mixture to room temperature, followed by removing 
any precipitates by filtration. 

The glass etching composition according to the 
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invention does not contain the highly toxic hydrofluo- 
ric acid. Moreover, the etching composition of the in- 
vention contains the less toxic ammonium bifluoride 
in an amount less than that in the prior art glass etch- 
ing compositions. 5 

The reduction in the amount of ammonium bi- 
fluoride in the glass etching composition of the inven- 
tion is attributed to the use of purified glycerine. The 
presence of purified glycerine serves to enhance the 
glass etching activity of ammonium bifluoride. Thus, 10 
according to the invention, it is possible to use ammo- 
nium bifluoride in the etching composition of the in- 
vention by an amount less than that in the conven- 
tional glass etching compositions. Glycerine has been 
widely used in the field of manufacturing of cosmet- 15 
ics, foodstuffs, perfumes, antifreezing solutions, and 
so forth. This material has also been often used as a 
solvent for various chemicals. Any known, purified 
glycerine which is nontoxic and harmless to the hu- 
man body may be used in the etching composition of 20 
the invention. 

Aflow modifier is added in the first solution of the 
glass etching composition according to the invention 
in order to control the flow rate of the etching compo- 
sition when the composition flows downward on the 25 
surface of the glass. These modifiers may include su- 
gar, starch syrup, grain syrup, honey, and the like. 
Among these, sugar is preferred in view of the fact 
that it exhibits an additional function of inhibiting the 
ammonium bifluoride from being reduced at a lower 30 
temperature. 

Ferric chloride is added to the second solution of 
the composition of the invention. By adding this com- 
ponent to the second solution, the glass etching ac- 
tivity of the ammonium bifluoride component con- 35 
tained can be enhanced. 

The glass etching composition according to the 
invention may optionally contain an amount of water 
in addition to the first and the second solutions. The 
amount of water to be used can be varied within a 40 
wide range depending on both the types of the etch- 
ing methods and the chemical properties of the glass 
to which the etching composition is applied. General- 
ly, it is suitable to add water in an amount of about 
1 0% based on the total weight of the first and the sec- 45 
ond solutions of the etching composition. 

The composition of the invention is preferably 
used to etch glass articles in accordance with any of 
the conventional methods of etching glass. In a pre- 
ferred embodiment, the glass surface is first cleaned so 
by flushing with water and wiping the glass dry. After 
cleaning, the surface of the glass where etching is not 
required is optionally protected from being contacted 
with the etching composition by applying a masking 
tape made of the conventional etchant-resistant ma- 55 
terials on the surface of glass. Then, the glass article 
with portions covered with the masking tape, is treat- 
ed with the etching composition of the invention in a 



conventional manner, for example, by dipping the 
glass into the etching composition or spraying the 
etching composition a surface of the glass article. 
The time required for treating the glass with the etch- 
ing composition depends on the object of the etching. 
However, it may be usually completed within 2 to 3 
minutes. After completion of the etching treatment, 
the glass is cleaned again with water to remove the 
residual etching composition therefrom. 

In the case where a sophisticated pattern or char- 
acter is to be marked on the surface of glass, it is pos- 
sible to conduct the etching by means of the silk 
screen printing techniques conventionally known in 
the art. The printing inks that have been convention- 
ally used in the silk screen printing techniques are not 
deteriorated by the etching composition of the inven- 
tion because it contains no strong acidic component 
such as hydrofluoric acid. Thus, the etching compo- 
sition of the invention may also be successfully used 
in the etching process utilizing the silk screen printing 
technique. The glass articles obtained by employing 
this etching method have such various and exquisite 
patterns or characters that may attract the consum- 
er's attention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be illustrated in greater 
detail by way of the following example. The example 
is presented for illustration purpose only and should 
not be construed as limiting the invention which is 
properly delineated in the claims. 

EXAMPLE 

0.9 Kg of sugar was added to 3 kg of purified gly- 
cerine to solution. The mixture was heated in a water 
bath at 90°C for 30 minutes. To the mixture, 0.9 kg of 
ammonium bifluoride was added immediately. The re- 
sulting mixture was thoroughly agitated and cooled to 
room temperature to give a first solution. 

Separately, 3 kg of purified glycerine was heated 
in a water bath at 90°C for 30 minutes, and then 0.9 
kg of ammonium bifluoride was added thereto. After 
adding 0.3 kg of ferric chloride, the resulting mixture 
was thoroughly agitated and cooled to room temper- 
ature. The precipitates were filtered off to give a sec- 
ond solution. 

The first and the second solutions thus obtained 
were then admixed in a ratio by weight of 1:1 to 2:1 
to give a glass etching composition according to the 
invention. 



Claims 

1. A glass etching composition comprising: 
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(a) a first solution of 25 to 35 parts by weight 
of a flow modifier and 25 to 35 parts by weight 
of ammonium bifluoride in 100 parts by weight 
of glycerine; and 

(b) a second solution of 25 to 35 parts by 5 
weight of ammonium bifluoride and 10 to 15 
parts by weight of ferric chloride in 1 00 parts 

by weight of glycerine, the proportional ratio 
by weight of the first and the second solutions 
being within the range from 1:1 to 2:1. 10 

2. The glass etching composition according to 
Claim 1 wherein water is present therein in an 
amount of about 10% based on the total weight 

of said glass etching composition. 15 

3. The glass etching composition according to any 
one of Claim 1 wherein said flow modifier is se- 
lected from the group consisting of sugar, starch 
syrup, grain syrup, and honey. 20 

4. The glass etching composition according to 
Claim 1 wherein said first solution is prepared by 
heating a solution of a flow modifier in purified 
glycerine in a water bath, adding ammonium bi- 25 
fluoride thereto, and then agitating and cooling 

the resulting mixture to room temperature; and 
said second solution is prepared by heating puri- 
fied glycerine in a water bath, adding ammonium 
bifluoride and ferric chloride thereto in the order, 30 
and then agitating and cooling the resulting mix- 
ture to room temperature, followed by removing 
any precipitates by filtration. 

5. A method of etching a glass surface comprising 35 
the steps of: 

(a) cleaning said glass surface; 

(b) optionally, protecting the surface by apply- 
ing a mask onto the portion where etching is 

not required; 40 

(c) treating said glass surface with the etching 
composition according to Claim 1; and 

(d) washing the glass surface thus treated. 

6. The glass etching composition according to 45 
Claim 2 wherein said flow modifier is selected 
from the group consisting of sugar, starch syrup, 
grain syrup, and honey. 

7. The method of Claim 5 wherein the etching com- so 
position contains about 10% water, based on the 
total weight of the composition. 

8. The method of Claim 5 wherein the flow modifier 

of the etching composition is selected from the 55 
group consisting of sugar, starch syrup, grain syr- 
up, and honey. 
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